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© Compounds that selectively bind sodium. 

@ A compound having the property of selectively binding 
sodium ions in the presence of potassium ions and having the 
formula: 



CO 

o 

Q. 
UJ 



Q 



where X is 
- O - or 



- N - 

0 



and where any aromatic ring may be substituted and/or may 
form part of a fused aromatic ring system. 

At least one of the aromatic rings may be substituted by a 
spectroscopic reporter group, a group which permits the 
compound to enter and remain in a cell and/or an electron 
donating or withdrawing group. 

A method of determining cytoplasmic sodium concentration 
by using this compound as a probe is also described. 
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..; * y * .r^CQM&Oy!^ ' v 

1 - ^his .tav^njipn relates; ^to^cQmpP^© J\^ich hay^ ; ttie property of selectively binding sodium Ions in the 
presence of potassium ions. Depending on other properties which may be built into the compounds, they may 
: ^ HWfW * s PT Qbes : f Q r inyQStigatihg §pdium iqn poncentrationi particularly within cells. Other uses envisaged 
. , Includ^Jp^-selectiv^e^ctrode wj{ l ^9port..membiwes-foF i -sQdlum f and generally .-for ihe separation of 
' sodium from other ions. ...... 

.The Importance of, cytoplasmic calcium, and .proton^ activities in cellular metabolic control has been 
7ecbgijls^.Totmany yeari Probes xisipg fjuorascent.and 19-F nmr. indicators for cytoplasmic calcium and 
protprtf, anfl also for magnesium,; have been descried in the literatyreu In mammalian cells, two other ions, 
namely spdiurn.an^potassium. contribute th.9-m4j.or part of the osmolarity of the system. Previous studies of' 
cellular sodium ion concentrations have mostly been effected by a sodium selective electrode, and have in 
consequence beien limited^ tp sjngle robust well-anchored c cells. A spectroscopic method, based on 23-Na 
n.m.r., has dnly been used s .with .success- on red bfqod celis^ 
15 f . There is a gaed for ^spectroscopic probe for sodium' ions .yyhich can be introduced into the cytoplasm of 
29 -cj! ntaot C SH'P W^^Ph or in. intact tissue,^ , : , v. ; - 

^ T he 95 m R?*4^ rV^fe*! the present Invention js.coneerned are ofjtheikind known as [2,2,1] cryptands. 
These are cage-type bicycllc crown comppurid^wrpse two ; bridgeheads consist of two groups joined by 
}hi;ee. plains confining respectively f two, Jwq and one.electrop donoratoms selected from 0 and N. The 
T , c fXf? tanc, . s ?P n .^a"y are^known. to show gooqlrStability and^higjiion selectivity; but thecompounds reported 
, ; fjave limited soUifeility Jn aqtpous^mediaj and most bindipg constants have been reported in organic-based 
media, Forafyl^ reference^ ^directed to 4he book' •Crown-Compounds, their 
*. . ^Q^c^tics and Applications", by- Michio Hiraoka, Elsevier, ,1982 - • . • ; f, V( :: * 
: *r' : 'T hi ! J ^% P r Pyifles PprppburidV^ binding sodiumdons in the presence 

25 of potassium ions and having the formula : c ; - -'?y * , c % -vr v 




40 where X is : ^ :r: > ^- ' ^ -a. 




and where any aromatic: ring may be substitfoad and/or may form p|S of a fused aromatic ring-system. 
"so F * r ' us Q&&probe^ 
.."a ■ X- ■ y following criteria:- :e 'f r; '* \' ■ • ;' 1 ^ . "7 - ■ - 

- useable ih a biblogical context. ' ' \, * 

),v /. f% .'.V tvj" 5?!**?^^^ 

1' ;. ; J a ™£^ 7.5)..,, 

tpected sodium 

cell. 
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ion concentration in the cytoplasm /typically 5-50 miifimqfcr}, ,,..„„;;';, * 

:n - : *V) Th«^^ 

v) The compound s$oiMdi«^^ 
Certain compounds accordfhg to tffi^ invlritioh fulfill all five criteria and We thus^seful for measuring 
intracellular sodium ion activity. Other compounds of the invention, which do not fulfill ail the criteria, are 
nevertheless useful for other purposes Involving selective binding of sodium ions. 
Compounds where X is -0- demonstrate a selectivity for sodium ions over potassium ions of the order of 
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25 



30 



10«, and very tight binding of sodium ions. As a result of this tight binding, these compounds do not satisfy 
criterion m) and are not suitable as probes for intracellular sodium. They are exp^cted-f'd v be of value for 
sodium-selective electrodes, however. 

Compounds whertOC is>NPh'«^j?aBm6nsfraW ^ : «ekcifv% for sodium ions over potassium ions The 
sodium complexes of these compounds have dissociation constants in the region of 5-50mM So these s 
■ compounds Meet criterion Hi) andmayTdep^riding o^KeVptepiriigs^e stfitaDW asprobesfor intracellular 
• sodium;, i; . ■>. ■susir,:-'-: '-i.; 1y nr. cnftr^vaCI aroi r..:v-;s'^-' 12 s: 

: Depehdihg-on the nature of X.'comp&unds tfm^e^hiy oott^&Mltn^ rtma oer 

-naKo,^^ " 
■ and suitable metfes of providing 

* : ' : ! or n f- r 8 t ? dles ; * " uorin » atom fs're^uired'aml may tie inciuVerfin the compourtd. as described in the " 
experimental section below afeffindwh to those skilfe'tfltf the field ;:u r5J - : ■ ' " 

Ulnl^ 9 r ? orter ^toi»^, n f««^^^^^ # m > ore m b -< kdv 

generate a stronger signal, provided onfy that ihey'ab not drastically' altar the other properties of the 
1 ■ ' ■■ C S > T- J?* h8v6 * bUfld sete * div(t y o^We^mpoonds feodium tons £ only marqinallv 

? C m b)h orderto4ct asaprobe for Mraceriular*odiam.*he compound needS'to caWyorieer more arouos 

': Xi ' ™ mbrane : for * hl ^P«mose the.edmpouhdrieecrsYo b et -in tf neijtfai Hydrophobic condition A method 
^tS^^l^^^ ^*^^to\«?e^pWof ce£ (F&Tsien. Naturo 31 
Apnl 1981 527-8). This inyor^ providing oh thixompou^acetbxymetfiyl esters of anilinodiaceticacid 
• groups. which are'hVdrdp^icfand tm*nm&#&W. and hydrdiysa^ 
to give membrane impermeant free acids. : - r r • •o erir^'Vi,.-: V T . .o x r .^-v.y w»nuwr esierases 

iL^L^ re,emi0n 'Vl* cyt °P ,asm - the P fobe sh °"'°" Preferably carry an excess of carboxylate 
negative charges over and above the number neutralised by any chelafecTsddium ion to prevent leakage 

££££££ me f hani r- ThUS the probe synthesis shou,d P re,erab| y moorpori at least Z 
aromatic nitro groups for subsequent conversion to aminodiacetic acidi, - 

yJUmZSZ ? aCt f L 3 Pr0b8 !? r in,race,lular sodium, the compound should not be sensitive to hydrogen 
ion concentration at the sort of pH likely to be encountered in Uftttl (typically 7-7:5). A P Ka in the region 
of 7 would reduce the usefulness of a probe. If this problem is encountered, it isieadily deaU with Z 35 

2hS i nn e n SUbSt ' tUti0 K n ^ ° f ,he ar0matic SyS,em ' *> r '' his P ur P° sa - Wron SnaCg 2 
withdrawing group may be introduced into an aromatic ring. Forexample; an acyi; e.g. acetyl, group may 

*i2£!£3i 8 T*™ Cataly8ed by ZinC Ch,0ride - 11 ha&been ,ound ,nat a 

ilflSS^TS' 9r ° UP,ng apparen,| y ^sponsible, for introducing a pronation site; can reduce a 

pKa sufficiently for the compound to give a flat response topHii the P H range7-7 5 M 

r,n?c? her subst !| uen,s mfl y be P resent f ° r various purpose's. For example, one or moro of the aromatic 
rings may carry a hydrocarbon substituent or may form part of a fused aromatic ring system 
The high selectivity of the cryptands for sodium is steric in origin, and the order of magnitude of the a'ffinitv is 
determined by the anilino substitution at X (position 21 of the cryptand). Preparation of i^nSSSSm 

s^ssr ex,ension of ° ne ot me exis,in9 chromoph ° ras w « h Jtb * 

^l^X y ° f F - c ^Ptand fluorescence to sodium binding over the whole ultra violet'ra£ge indicates that 
indiS r V 0ne ^ ,he ar ° ma,iC c*™ 0 *™* "tor a longer wavelength fluorophere would lead to an 
indicator with improved fluorescence. However, this is not always found in practice 

MSJf^Si* 1 " chrom °P hore at P° 8ition 14 - 15 gives compounds which, although retaining sodium 
■binding, show hnie accompanying change in Iqng.wayelength fluorescence. . vr . ... „ ■ 

the^iSSarS^ liappe^Wt retention of 

mmw t^. oi« . nt me,a t0 ,he 2f am,no 9 rou P is necessary to control the pK of ; the proposed 
indicator The 2l(3-am.no-1-naphthy!)diacetic. acid .analogue . of F-pryptand. shows aH the attributes of 

oxSssp?iiii 

A particularly preferred ^r*p^ 
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' Figure 1 shows the resufls of fluorescence titrations performed using a fiydrolysed probe of this compound at 
20 nM in SO.mM KH2PO4. lOfrmM KCI buffered to prf /witrT potassium hydroxide solution at 37°C. The 
titrations were performed on a PeVKin^er 44E spectrofluorimeter with bandwidths set at 4 jim. The 
excitation and emission spectra were obtained at the wavelengths indicated. At 10 mM sodium, no change was 
observed onlftcrsasing the potassium concentration to 300 mM. A pH increase of On-atpH 7 gives only a small 
increase in fluorescence equivalent ti aa-increase irt sodium leyehdf < 3<Vo..- ! -.v v 

The compounds may be prepared by standard chemical reactiorts. The following reaction scheme illustrates 
a typical sequence as described in the Example 1 beidw: 




0223613 



F F f ' F • F 




NH 2 / H02 





(-coc\) z 

N0 2 




8 r •m^oh^j sy^,., w 



.••£■3.... i. ';-''^>:^ a«1£ ..; r»r . * 

6 5 

: BrCH 2 C0 2 Et 





ji$H 2 cor) 2 n(ch 2 coy)- 
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Example 1 . " : •»;••.•*•)-- 



^^CYJl'Qpe^ecane-I V, Jp-dione (3a) : : 

n«^Hjne f j[ : li ml^we^e dissolved in methyjene chloride 



lQ ry ana ein?noi . tree ao mlJ., A sii^ Mlution of an.equlmolar amount.of diglycolpy* chloride 11 7o) was 

S'fi^lffi^SL^^S^ Witt? me,hant ? , ^d filtered to removed polymeric 

J!: 3^..9?^t1 : fluo>p.*,4 benzoJrilpldis^jrfii^^ (4a) '• 

• exSwiSSr^dJ'Z? S 1 y b<we^eirar#o||yan. (25 ml) was heated under reflux overnight and 
15 ?a&E£!J? r H UX - Aft /1 9BS . eV0 ' UtiOn h8d ceas6d the mixture was evaporated to 

SS? m p 136 7°p was/ecovered,b yi fJttrat4on. washed with wate/ and dried (0.85g, 



be. 

^ '' j ' ^nltn^it^^t dkSomethane (dry 

• ' SloStSk'S g" > Tf f t d ' am ' ne ^ 7 9> and Py^WXIO.ml) -were dissolved in that same volume of 
^St^^ simultaneously^ two hou*s tawellcstirreidichlorometh- 
25 , ? k 6 ' refiux - Tne resultin 9 solut,on was washed with dilute hydrochloric acid (2 x) then 

25 with 1M potass.um bicarbonate and dried over magnesium sulphate. The magnesium sulphate and some 

S?vered^ «v^rJtin 9 n •„ ^ ^"^ and i ne P roduct eluted with 509* ethyfecetste. chloroform and 
" BbS^&dffiSS^ in - ; Yac.uo. r; The , product, was ^crystallised by dissolution- io a mixture of 

• - (?^^lor f^^W.^ Sive ayellow,solid (6.9g 400/0) m.p. 273'C. M+1 

^^^iSLl^* 4 ^]^ 1 ^^ ^7-dtoxa -1,lb.13-t : naia cyclopentadecane (4b) 

slowly X^c^Jfl^r* m ,L HF i 80 T!) heated under re,lux for «™> Water was added 
•'SL^Sr^ P 6t ,f ^jf4^ he excess borane. The reaction; mixture was partitioned 
/n ^^ d ' Um Carb ° na J e 80(1 methy,ene chloride 80,3 organic phase collected and evaporated to 
^•SS S ^f^^-?^ in. concentrated hyd.rochlojip.acid (45 ml) and poSred into a 
2L23l^S5 n ° f '".^,(200 mil cooled in *». .The yellow product was 

collected by filtration, washed with wafer and dried (0.9g i 96<Vo) m.p: 85-90°. 

v J&S^M 2 ^ an >W di S e (2 - 0ll) were dissolvpd..jn the minimum volume of dichloromethane (dry 
^fitfM «*»h«d hi an 

- ^'^JTOt^. <flp. uMons-JIwra. added,coiH ? ur re nt«yd8»er. 2 hours to wett stirred 

:■• -ffi^te^lgfc^ Wac!N ,mixtur^:wa8., evaporated o dryUs in ^cuo; dissolved In 
^S^ 0 " 16 ^ 10 ^ 1 added and f the bulk of the po ymeriide produpt precipi ated onto th ' e 

: 'iJS in «M borane iatetrahydnofuran and the 

^ s !°w addi«on L pf water atrefhjx. The reaction, mixture was evaporated to low volume 
he precipitate dissolved by the addition 1 * 6Kf hydrochloric acid and the evaporation continued 'to VemoveThe 
remaining organic solvents/The product was dissolved by the addition of hydrochloric acid ^S^SSdZ 

£^1^^^ W ^rified;,by/colurfln chromatography on sfica (sS 

' • ■■■ -i .;• ?: r -fee r :ih^ : f.i w>- . --i; ' . r <rv ; -r- : /: 

:. v i -vc^* . :J* - s ; .v . ■ \. . . j/" t. ' ' :. 
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40 
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amino-i t i:-Denzoj-i.iu-aiaza-4/,ij t io,iii-pentaoxaDicycioi8,8 t oj tncosane (7a i) 

The nitro diamine (6a, 400 mg) was hydrogenatej jn ethanpl (100 mlj^nd tpluene (100 ml) ov< 
(100'mg) uhtH hydrbgert upYakS't^ 

dried 'over ph6sphbrous v pehto3^ pa^^Waa 'ii^&lto:^^^ oCejflhyJ r b 

* for two^ays. Th^^^^ with t*$i#n$; pered ^rid the filtrate 

ium phosphate 4 sdliifibn' ( 1 fvf .°0Hf w ^:Cf 5^7, then Water arfa ^vappVaWd- to .dryness and 
>i7£e*rpieUm ether i&QWB thi pioQuty\2Q0 mg, 40<Vg) m£ lta r 7Q 0 cOvtrf 23, 722, (FAB 



3,2-8,9-Bis [1-fluoro-3 t 4-benzo] -14,15-[4-di(ethoxycarbonylmethyl) 

amino-1.2-benzo]-1.10-dia2a-4 l 7,13,16,21-pentaoxabicycio[8,8 ( 5] tricosane (7a i) 

ethanpl ( t00 mlV qnd tpluene (100 rnl) over 10<Vo Pd/C 
vV--T^^t\^'u.L^^^^':i ^ - ^4 the p roc j uct 

, , , , , c . yJ r bromoacetate 

&Q) % proton" sponge (2g) : ahd rtM-'tiftMi'tf'^ ml\ind>eated under 

DitrogSn, under refiutf fo v .TW&lC^u^^«*•. ? .v?^J?^^■AESAlAIJi , h*:i*L: ^JLrJf^^Lj-i . 

washed With ^ftimohium 

s Crystallised from ethef/fielrpiebm'efher titf'Siv^th^^bt-.. 9 , w , ,„„ _ ^ _ w 

v glycerol): n.m.r. (CDCI3 60MH 2 ) 5 f.2 : (t, 8Hz, Iffi^sWfeVH) 3.45 (t?6Hz 4th) 5 3^ '(^8^)^.0 (S.4H) 4.05 10 
(S, 4H), 4.1 (q,8Hz,4H), 6.0 - 7,2 (m, 9H). The free acid (7a ii) was prepared by hydrolysis fbr hours at"50°C In 
ethanol solution with tetramethyl ammonium o^potassiijm, hydroxide in 50% excess , added as a molar 
solution in water, neutralised with dil fiydr&chTpric abld'sthS' evaporated to dryness, the sodium content was 
minimised by prewashing ail equipmeht\i$6d with potassium chloride solutibn and milllQ purified water. 

3,2-8,9-Bis l1-fluoro-3,4-benz6H4,15 - f4*rftro-1^ 1,10 
21-triazablcyclo [8,8,5] tricosane'-H;i8-dfcrie (5bJ U: ;c •■'-* 3 A \ H 

The amine (4b, 4.7g) was dissolved in the minimum volume of dichlorofnethane (2 ml) and added 
concurrently with a solution of 4-nitro . catechol;OQ:diapetoyl chlorfcj^ ft.lg) in the ?ame volume of 
<i « . r dlcWdromethane to well stirred dichloroftiethane uriderViiflOx; When the Sdditidn was complete "(2 hours) the 20 
solution was washed with dilute hydrochloric acid (Q.1M) then with potassium bip^rbopate ^solution anci dried 
-«6ver jnagnesium suIphate^The product Was absortJetfdnWsilica ^ger(500'|) ari<jje)ytefl with 25.^ethyi acetate 
ih^torbforrft. The product was fs6)aVe^ v by evappratibnrih vacuo, to loW v£lutfe and fillratipn from ethyl 
c rab^tat^ toi give a yeHow povrtJer 43^$V44<Vo) m.p. 195^5;^ 1 ?Q6 (FAB' glycerol). " 
j !"}:,♦ •,. ' ; -» t? r,SW -v.; 4 ' vj.'s.'-.-v. .'■ "V. ." .«» *• " '-On. o.. 1 t-- •' 

•:• 3 f 2-8 v 9-Bis : '-^ it»- • .aw. 'irriL't ■«?..- ^nr;>-- is*-'- tr.- : ;S':c e* ,: V""' ; - 5 . 

t o: I1-«tiorO-3,4-benzb)if4;i5^Whltr6-1;^^ 
;^[8,8,5rtricosane (6bj^ v. U-n^ ^ : #■ - iirl i--^ • \ ; t^.. WTT. ■ , i ' 

The diafnide (5 b, 30g) wad'hekted with'1 MborineJaTHf^ t§? ml) pv^fni^Cv^r'.Was added <at reflux, with 



The dihitrb compouncl (6b) wa$ hydixTgehisited bye^'ibp/o'Pd/C lh v 50Wb tolu^:"et T K|rio| for three days to 
complete tit>take of hy^ogen 'and '^aporiited tadryrt^S. ' ;! u " r " 



75 



care; to complete the reaction and destroy the excess' rfea^erit: The solyent wa,s /empveg in' vacuo and water 30 
a^diBd to dissolve the borfc acid and theVroduct was r cfollectea by fi!trafioW;wasfiedW^ a*d dried (2 8g 
970/0) M +23 700 (FAB glycerol); M +1 678 (FAB glycerol +H 3 P0 4 ). a sample further purified by silica get 
chromatography in 20/0 ether In dichloromethane, and crystaUised froip methsjpol.m^ 226-7*C 

. '3;2-«v9^Bii ^ * ^ ..:.ivi' * .: i ~J c- ;> i'/^? : v. ■. y * -.1 ^ 
[1-flubrcH3 ; ,4-Bbnio]-14;i§.t4-aAbdit52^ 

[8,8,51 tricbsahe (6c)>. -^- ; ^^ : - ;r ; - ^"-w - ^ ^ « 7 



40 



3,2-8,9-Bis {1-fluoro : 3.4 : benzo]'14 1 15-(4-di(ethoxycarbonylmethyl) c 

aminos ,Z-benzb^£f3W^ 

[8,8,5] tricosane (7d i) " ; " 

m\e amine (6c, 450 mg), sodium iodine lanhydrbiJs TJg)' ethyVbrb^6ac : 9.tate J (b sponge 
(720 mg) ih-icetonitrite (5' ml) heated^under nitrogen, "urid^'r Vefld^, for 24 hrs. Thexbgled fixture was diluted 45 
with- toluene, fflterdd antf 1 washed ; Wi^-")fihrMonlt[Kf phos^Kate 'f ^H4$if wajer . afid Jften dried with 
potassium carbdhate, 6firorft«oSViphy; ptief sjlica'in 5Q<Vo dichlprom^th^ne^hex^aDd, preparative thin layer 

l$Hz Hm) %Z (broad t, 6Hz! 

The 400 MHz spectrum in DMSO was essentially tfie^fne as for 8di, except for: a double doublet at 5 6.2 
(2.5 , 8Hz) ; a doublet at 5 7.02 (8Hz) in place of the Ringlet; and,a,doublet at 5 6.4 (2,5>l20 ip place of the singlet 
■ et 8 7.2; tfrid' no-acetyl singlet S zi 2.7.°! ifVh - r , ' - - ♦ ■ ; 

The free acid (7 d ii) was prepared by hydrolysis with a two . fold excgss of patassiumlhydroxide in 50o/o 55 
apueoos ethartol at 5CPC for fvVo hoGrs"u^ jhe product 

prebipitated- at^p-H '3.<7*with hydrdcrilbric apirf, fiftereai^ashfed'WitK; water aa3 driedV ^ ' 1 

3,2-8,9-6i§* - '."!fto<- - .?rvrno" :■•:>«".': b.. vc c& c '.eib aew ioybciQ .»T dir.eviog n.-ta^/'-o 6 : Mnr.; r r. 
[1.flUbm^,4^hzcf]^;iS^^ditgt^ ^ 

Th«ryptanaFdi)'f1&^S)^ 
(10 ml) for thirty mins. The solvent was removed in vacuo and the residue stirred with potassium bicarbonate 
solution (1M) for 30 mins. The suspension was extracted with dichloromethane. The separated organic phase 
after evaporation was purified by preparative thin layer chromatography on silica in 7.5<Vo methanol in 65 
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;r 'J. >s 3! ; r .SO;-. .»••' j - : ; -tt' j~ V ' * • " ' 

* chloroform; to'give the' frbdutflis frj^fettrig; 52*6)1 M-f231026 (FAB glycerol) nhsl 400 MHz, DMSO 
: - 1 -1.09ft; 7Hz v 6H|, f.18 (S.2H) 4.09 (m, 2H), 

= ■ ' 4.14H1S, 4H). 4.1714, 7H*4H] 4«r;^W^ 7i Hz, 1H) 6;fii7 (S (b), 1H , 

' ^6*2{d(b),7.8 Hz;iH)l^ (t; 7.8 Hz; 1H)7.31 (d,d, 11.27 

5 Hz, 1H) 7.35 (d,d.11,2.7 Hz, 1H) 7.47 (d.d.8.9. 6.3 Hz. 1H), 7.63 (d, rf/*B, fe.3 : Hz, iffy: 
The free acid (8d ii) was prepared as for (7d ii). 

Other compounds according to the invention can readily be made by modifications 'Of the above reaction 
•^^-v^^Aoalfii^-W^WMl wfthitf the ikiii of the art^Bxample 2 illustrates this bofrit. ^ 

lev U'.; ;?:o:.i.'«r.-i , uii ! ' -.v*».-*.<3j.J ' T r- ' ; • -\ ■ ■ ■, 

■10 Ex&mple 2 * w - e J " ' > * o c :>■■•.: i . 

2,3-9,8-Bis [1-fiuoro-3.4-benzo]-14,1534-ni^ 
5 18klioh& (Afr r < •■ r -5 i-^?^,',;^., . L . 

-t t 2-Bis (2-amfno^1flUoroph^no'xy)ethariel32l8 gr. pyridine (20 ml) in dichlorom^thane (1L) and a solution of 
15 the-adid chloride 1 mSde Wm^ttr6^,0^iacetic : IUd *<3175 g) in "dichloKomethane (1L) were added 
«• ■< simultaneously to Well'stirred dichloromethahe flL) everfc fcbdteand left overnight. The resulting solution was 
^stirred with nydrochlbrlc acid (2^500 ml) .Altered thrbtigh fiyfld svipercell, separated andWfed with sodium 
<* carbonate. The product vfes' absorbed onito afcolumrt df billed gel (50Ogj?On attempted eldrtferi'with 10/0 ethyl 
acetate in chloroform; th6 product -ciystaiiisSd 1 on thd "column. The Column was extruded; 'tffe top portion 
20 discarded and the remainder extracted by tailing with 2fob efhyl acetate In cVtloroforrt tS x 2li): Evaporation and 
" v flltratidn from ethyr-aceiate gave fhe -title 1 c^^^^ 265-6°C; M +* r 1;5i6 i (FAB. NOBA.) 

. 2;&9,8^isp : ^^ ,2-bl^zo]-1v^"diaza^,7,13,16 tetraoxacyclbbctadecane (B) 

T N clidmide A' (40g) Was dissolved In borShS, tetrahytifofuran^l ; M, r 5b0 ml) at reflux ana Wsolution of water 
25 (12-rrtl)f in f6trahydr6furan\'(10O mljaW^ solution -Was 1 ; then treated with 

> hydrbchloric^cfd^GdHd. 50^1)' and p^ (1 M) and 

petroleum ether (40-60) fend ihe product coifedted by filtration ahd dried fCteJ g $So/o) hf;p. 243-4°C, M + 477 

50 2,3-9,8-Bis[1-fluoro-3 l 4-benzo]-14,15-[4-nitro-1,2-benzo]-21-[3-nitro-1-naphthyl]^,7,1^ 

1.10,21-triazabicycio [8,8,5]tricosane-19,23-dione (C) ^ 
' : The dia2a«crowh elhfet 1 B;(t0.8grWk^pFepared in a fihely d^ld^d^tate biTdissoiution in trailing ethanol (100 
ml)-With tfi6>additiotf*of'4iydfTdchloric^Cid '(cbnc.mmi) anW thfe^of solution was' poured into well stirred 
; ■ ammonia (d -880, i'UJ^The fihfe'SuspenQron was : collected by f Htratfontod dried rtfvacuo at 80° C overnight and 
3§w- finally-bvei'- phbsphorus ^er^xfde^&t 150 Q C nh : vaciib ^or five f hours/.' The dry solid was suspended in 
1 l 'dichkifomethane-0l.5^) arid stifredtyefl. f £riit^ chloride (10o/o excess, 8.3 g) in 

» dichloromethane (1 L) was added over 4 hours whilst a solution of pyridine (3.4g) in dichloromethane was 
^ddeti bonburr§rifi^b6t WltrfM SO minute delay. When additions werecomplete, lifter 4;5 hours, a further 4 g of 
^ ^^ridihe was acWed*^d/*e*thi^^ ' 1 . ^0 

%0- Tttel^sUltftS ^iu«dh'W&WasHed wittf dilute hydrochloric afcidi(2Mf500 m1) f dried with sodium carbonate, 
filtered through Myflo sUjSercefll anQ : absbrbe'd ohtb a cblUnWbf siliatf (200 g)f: Any- traces bf diamine remaining 
WdreHBTuted'WiWdichlorometHane (t L). The ^feduct was eluted as a Coloured band with chloroform (about 
1L) ( Seeded land left to cfysiallte#bve*ftfghtv *rid theft collected by filWtfon (12.5 &75Q/Q) t decomposition at 
; about C, rf^^ 756 (FAB,MOBA)^ ^ : '* ^ ; & 

2,3-9,8-Bis[1-fluoro-3.4-benzo]-T4,1^{4-nit{ , 6-1 ;2-b6r>zbj-21-[3-ni^1-ritfphthyl}. ? &• v < 
^.7,13,16-tetraoxa-1^10,214rfai^idycloft8,8^ trtc<«iane tD): ^ r. D'-s:v.^rr.- ^.r . * 

The diamide C^1^5*g)mvas^dissolVed \ti bbraFle/tetrahydrdfdran <*1 M, 600'mi) liricWKreflux and water (5.4 ml) 
In tetrahydrofuran (150 ml) was added dropwise over 1 hour. Further water (25 ml) was added after 45 mins. 
50 The solution was evaporated to dryness in vacuo and triturated with water (500 ml). The product was collected 
* bysSltratiort, washecTt^lthP Water and dii§^ll0.2 g,^5%), isinters to^b'du'nsd^; decomposition at about 
V. 200?C, M + 1, 728 tFAB, NOBA). .M Ci « ; S r ,-,y ^ j- : 

2:3»9,8^Bls(MiUbro-3 > ,443enzol-14.15^ «r;V. 
55 :■• ^vt3,16-tetraoxa.'T;40,21-trrazdbicytto^t^ .(E) ^ r . ni ^ :l c r-. , ^ 

The dinitro cryptand D, (102 g) in tetrahydrofuran (200 ml) was treated with stannous chloride dihydrate (50 
; >v gHn.liydrochloriaacJd (©Onc-HOO^nrtOif^ two hour6»TOa 'HbMBbn wa^ pdur6d into ^solution of potassium 
. hydrbxid^ (50ad) 1n:w^er -(t'li) tndwxtrabted wifh' T drdhI6rt)mfetharte , 0ntn all visible solid^ were dissolved. The 
combined extracts were washed with potassium hydtoXide sbliltioh (5M),'cfrWd WitH-ma§nesium sulphate and 
60 evaporated with toluene (ca 50 ml) . The product was allowed to crystallise at 0° C and collected by filtration (7.3 
g. 79<J/o) m.p. 155-160° M + 1 668 (FAB. NOBA). Ail solutions were kept deoxygenatdd wiftfhltrogen bubbling. 
.. • r « •:-&:-ri \ ->ih:v: % : . : • rv. 

■•' 2,3-9,8*Bis l1-fluoro-3,4^b$rizoH4^ 

, -21-[34di(ethoxycarbbnylmethyl)amlno-1-»naphthyl] -4 f 7,13 f 16-tetraoXa-1,10,2t-tf1azabicycl648,8,5] tricosane 
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The amine E (7.3 g), proton sponge (15 g), ethyl bromoacetate (15 g), sodium iodide (15 g) and acetonitriie 
4 , : ,(50 ml) >yer€uheated under N2, under reffyx Ipt^JpfcJhe rpactjon fixture. wa§ diluted with toluene and 
,h< ■'.»• ■' ;ammpnium phpsph^. sbl^^ phase 
. : vwas washed w bii^cb^ate^ magnesium 

: - ; » r . sulphate and ev^ore^ 5 
+ 1^ 1Q;t2 (FAB, -NQBA)-. . ," : \ - /• -Li'Sj "Lh 'V&.rV.tV- IKr «ai ' • 

/ ;.:**. . 2,3-9,8*Bis j,;'"* r "-* v. t-f" " v *:k : , T^'..??."n : «vi' "••../*,*'.* .. orj ttO 
[1-fluoro-3,4-bj3reo]-14;1^ 

nylmethyl)-amino^-acetyM~naph^^ (G). 70 

An acylation reagent was prepared as follows. Zinc chloride ( 14 g) was dried by fusion over atwnsen flame. 
Sodium chloride (6 g) was added to the melt and mixed well over gentle heat to give a clear solution. On 
cooling the solid was dissolved in acetip- anhydride (.140. ml):. \ " " 

The cryptand ethyl ester F (1.5 g) was dissolved in the acylation reagent (30 mi) antf stirred -in an oil bath at 
\ ^ 1Q0°C for 30 mlns. Acetic anhydride (1Q ; mlJ /5 
of 1 hour, taremove sideproduct acetic acid^d the reaction mixture heatfedipr a turtle 1 .hour. The yellow 
; r ;2 solution was then cooled^nd pqur,e<* qr>tp a mixture of- yraje^aosl tplueine withpotftssiMm bicarbonate (50 g) 
:-.-.s,Vc-t r/hvv and stirred well for 1 hour. After llltRrtion. with hyflo s^perceH^ Jth%pha^e&;^v«f^ separated and the organic 
iv ; 1:e tfrvPtafift! washed with potassium, chloride $p,lution, dried and; evaporated, (t.l.c, 

r.oir.cq qo? ^ti^ted-siHca, 3{Waejhyl acetate Jiv toluene ancj ,59/o^soprQpanol ic^dic^jlprpcpethane).. 20 . 

rr>«5 r. at v;Tn? ':9% V as ! chromatographed on dry siHca J.100 g)Jr> 150/a ejhyl acetate, in tolue/>e, : .the first, eluted band was 
collected,, ensuring that the sjowep ryifining ■] jmpuri^. : -vy9j; -/iQt- i nc^u<Jert^^/jMji[R distort? the second 
chromatography. The product was re-chromatographed on dry silica (150 g), pre-equilibrated with 3Q/o 
isoprqpanol in dichlorom^tbane (2^, fluting with the sapie.solvent tpL.gtye the. pure productas a dry froth (0.7 
g, 430/0); ^m.r. (CDCI 3 .^^H^) l &t:139 (t 7.1 Hz. SH), 1,173 (f.7.0 Hz, $H), 2^685 (S r 3H), 2.690 (S, 3H), 2.941 25 
(m, 2H),:3,2t, (m, 2H), 3,44:,(r^H), 3*64 (m,.2H), 3.65(m, 2H), 3 K 9li(m, 4Hj^4,07 (m, 4^3^950 (S, 4H), 3.956 
(q.7.1 ht? (> 4H), ; 3.970 (S, mh 4055(q, 7.0 Hz, 2H), 4.060(q,.7 < 0Hz ? 2H) 4.4$ (m, 2H) v 6 ; 630(d^3.9 Hz, 1 H), 6;636 
(S t .1H), 6.653{d^^^^ Hz, 1H^§.872(cWA9Hz, 1Hfc 6.881 (d,d,5,9 

Hz,1H), 6.912 (S,1H). 7.316(d f d, d, 1.5, 7.0, 8.5 Hz, 1H). 7.364 (d,d,d, 1.5, 7.0, 8.5 Hz, 1H), 7,504; (S, 1H) # 7.642 
(d,d,1.5, 8.5 Hz, 1H), 8.246 (d,d, 1.5. 8.5, Hz, 1H), M + 1, 1096 (FAB, NOBA). 30 
' r t -. : ; " .. <* T '\i •** ■ •■ ;r* >•:' ; • vr>^>L' - f ..v;- x' .■ ?M c t-.*" 

Example 3 ' . i: - - ( a . p.; • . -J jr - • 

The tetra-acetoxi«m^thyl ester qf the fre? apid (8d ii) of Example I'Avas.Rreparedijn^h^ following manner: 
■ a) Hydrolysis -The. ethyl e^ter (IO^mg) ir> etl}anqh(2 mi), vras ; tre9ted: w|th tetrabutyl ammonium 
hydrpxidj? sqlution ln;water:(1ij6\M,;50^t L) (8 ^olar equivalents), degassed withinitrogen and heated at 35 
60°C for 2 hours. The solvent vyas eyapqratedjn^acup and thfrresidue dissglve<i \r\ water, degasped with 
., ; v r . ; nitrogen an ( d,the beating continued ptt6p°C for 2^hours, The water vyas then eyaporated : and the residue 
• • ; ^:vL,. ■ dried. r , ^ > j\v * \ ■ = ;■. : ! r-; r ^-v ■] .v^-. : 

b) : Estenticatip^^ Xb© residue wa.^ 
bromide overnight, evaporated to dryness, tritugatgd with 7 5<Vo ethyl: acetate in toluene* filtered to remove 4(7 
*\;,' > salts^an<j.fla§h"!Shromatpgraphed on silica geil^The product was finally purified by ; high performartce liquid 

■ : r ti rj. chromatography on a -silica support ,ijslng a dichlpromethanp-isoprppanpl gradient, 1 -r^sWy 

, K , This ester satisfies the criteria. set^put ab^ve for rusejas a probe for intracellular sodium 

. - ; M M carries, two fluorine atoms, which shoy^ fluprine chemicaishift on sodium finding. 

ii) The compound has a high selectivity forsoditim pver/gtjtotl^er ipns.and in j)artlpular pvor potassium 45 

iii) The sodium complex has a dissociation constant of 40m M. 

iv) The cornpQund caries, fgur; acetpsypiethyl ester groups, 0 -iv- " 0 0 -y : - r \&£ -? 

v) The compound has not shpwo aay atfyerae effect ~* s-er.C •■; - 
■ ^Tq demonstrate; ^ - ; 

,: ■ .^EXAMPLE 4- m , . ;; v - . ; . ,. v ? . ro , . , jnr ..; .. ;i a ,. r .. . ^. .. ^ ^.,,^,..0 rf . - ■. a ,. r ; .s-. 

:■ \ Lymphocytes t(1 ml ; pac.ked cell$). wei;e prepared 1roq\ pig i m§senterio lymphno4es by standard procedure in 
RPM1 medium. The ceils suspended in RPM1 (200 ml) were treated, with the tetra-acetoxymethyl ester of 
Example 3 (4.5 mg) in OMSO (100 and incubated at 37° C for 1 hour. The cells were isolated by 
centrifugation and-suspended in RRfyll (2Q ml). in .thecSpeQtrometer probe, with* continuous/dialysis against 55 
oxygenated medium and the data collected; The sjg,n$).appqar^d after- 3 hours and.was collected for a:further 3 

- . c The- .19P; chemical shift was., compared^:^^ 
■! ; e^ane^Ni^.y^^tetriap^tic acld^ that of the stan^terd, indicating 

a sqdiurh.ion concentration of about. 13;;mM^ rnv^-n: to-it rr ; ^:v.^ ; «ric 60' 

• -^It'c' 1 ' f; * ! )?; A? ':..:.;::«-.r r," \o J :Vr.' x ' 'i-tiT .fj.T* • ^' 'r v ..:r:'.: fc cc;.v;.- v-*; 

r . . .EXAMPLE .A-^ri^rfc;-^^-; r»r,.f..sr"-..* ! ,-B^t >.:.*-^^ - : - ?-■?»■> ' x- 

Fluorescence titrations: Ionic titrations of chelator fluorescence were performed on a Perkin Elmer 44E 
spectrofluorometer at .a chelator concentration 1 of. 10 \iM "in 100 mM tris/acetic acid -buffer at 37°C. 
.v . fluorescence Remission from all of the chelators was monitored at a constant wavelength between 370 and 65 
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390nm. The excitation spectra from 2tb "tO"S6enm were recorded in the ratio mode and the proportion of 
Mn» chelator complex was calculated from the fluorescence intensities at the most sensitive excitation 
wavelengths. The binding constants were estimated graphically from plpts of log (bound/free) chelator against 
log freeJM*tI. ^Ippe^px? HM ^^^I^SitsJLjl^J :JL ^ . 

NMR titrations: Nmr spectra were recorded on Bruker WH 200 or Am 400 spectrometers at 188 or 376 MHz 
respectively at chelator concentrations between 5 and 10 mM in the same buffer as for fluorescence titrations 
but containing 200/o D 2 0 at 37° e. The spectra were.pbtained with an acquisitiontlme.of 1.0 sec. and a 90° 
pulse and were processed with resolution enhancement (-0.5 of the observed line width) and appropriate 
gaussian sensitivity enhancement. The proportion of Mn+-che!ator complex was calculated from the integrate 
.of the resolved free and bpun^J chelator 1S F resonances, or from the chemical shift of complexes in fast 
exchange. The apparent affinities were determined graphically as for the fluorescence data, but using a two 
step iteration from the affinity derived from the fluorescence data when the dissociation constant was close to 
the chelator concentration in the nmr titrations. 

Results are set out in Tables 1 and 2. \ . S 
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Cation ,Bindlng;^Cgp3t^gt3,Jl^g,;:jcV...al(; 3T°C 

Compound -.»■•, * ' i ' ' ; ' * T •* ; G ^ 8<f ,; ^ : - ;r " 

K + 2.3 a ;1 t--,<-i?te '"-\ <.,T b i ' 



Mg 2+ <-1 b <-l b <-T b 

Ca 2+ <-1 b <-i b <_! b 

H + nd 7.0 b . 5.5 b ,8.4 b 

a: from NMR, b: from fluorescence at 370nm, 
nd : not determined 

TABLE 2 

Cation Induced Chemical Shifts (ppm downfield ) 

Compound 7a 7d 8d 

Na + 3.09(a) 1.96(f) 2.00(f) 

K + 1.09(f) 0 0 

Mg 2+ 0 0 0 

Ca 2+ 0 0 o 

* H+ 1 nd -0.5 -0.25 

f = fast exchange, s = slow exchange, *ppm per unit of 
pH at pH 7.0. 
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Claims 



ions iSSSSSSSS-. property of se,ective,y binding sodium ions in the presence of potassium 




where X is ,- 

-O-or v* ' 



6 



/ 



ana where-ahy aromatic ring may be substituted and/or may'form part of a fused aromatic ring system 

Z A compound as.claimed in claim 1/ wherein at (east pne aromatic ring is substituted by a 
spectroscopic reporter group. " '. \ • ^ 

3,'A compWindas claimed to claim 2,wherein at leastonearomafic ring is substituted by a group which 
PSmaits the compound to enter and remain in a cell. •■ 
/tfcW °^- P ! Und M ^tf" . 3, -^ ein ihe 9 rou P * an ? oetoxymethyl ester of an anilinodiacetic 

' "^BrAcompound as claimed in anyone of claims 1 tb4r wherein at.least one aromatic ring is substituted 
by an electron donating orvyithdraiwing^roup. \\'-\ •'- 



6. A Compound as claimed in apy one of the preceding clairps, ^herein X Is 




N 




CO 
CH 3 



andYis-OEtor-OH 5v - v ' S 

7. A method which comprises introducing a compound according to claim 3 or claim 4 into the 
cytoplasm of intact cells, and using a signal generated by the spectroscopic reporter group to determine 
cytoplasmic sodium concentration. 
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